**Core tip:** Living and deceased donor liver transplantation (LT) may apply for both urgent and elective LT, especially for those patients on a long waiting list with rapidly deteriorating liver function. The main threat after ABO-nonidentical LT is the antibody-mediated rejection due to anti-A/B antibodies as a result of passenger lymphocyte syndrome. Our case demonstrated that a proper treatment protocol, including immunosuppression, anti-CD20 monoclonal antibodies, intravenous immunoglobulin, anti-infectious agents, *etc*, is potent to maintain and even lower the isotiters of antibodies after ABO-nonidentical LT. However, due to other complications, the outcome for the patient was unfavorable.

INTRODUCTION
============

Liver transplantation (LT) is considered as a sole option treatment for end-stage liver disease. Due to the limited donor pool, and especially the shortage of ABO-identical donors, the utilization of the ABO blood type nonidentical or incompatible donors may be the only option for unfavorably ill patients with MELD ≥ 30\[[@B1],[@B2]\]. ABO identical LT is when the donor and the recipient are the exact same ABO blood type. ABO compatible-nonidentical is when blood type O could be a donor for blood type A, B or AB recipient, as well as when a blood type AB recipient receives a liver from blood type O, A or B donor. ABO-incompatible LT includes all other possible blood type combinations\[[@B2]\]. When ABO-nonidentical and ABO-incompatible LT is performed, immunological phenomena may occur based on the donor B lymphocytes of the graft. These B lymphocytes may produce antibodies against antigens on the recipient's erythrocytes, the so-called passenger lymphocyte syndrome (PLS)\[[@B3]\]. Living and deceased donor LT may apply for both urgent and elective LT, especially for many patients included on a long waiting list with rapidly deteriorating liver function\[[@B4],[@B5]\].

The full potential of LT was appreciated when considering the annual liver waitlist mortality, estimated at about 15% for pediatric populations as a result of the lack of size-matched allografts. In line with this and taking into account the donor shortage worldwide, ABO-nonidentical and ABO-incompatible LT remains an option to expand the utilization of organs in cases of life-threatening conditions for the patients\[[@B6]\].

Although the liver is contemplated as an immune-privileged organ where humoral rejection is rare unlike the kidney and the heart, initial transplantation experience with ABO-nonidentical and ABO-incompatible liver allografts confirmed the elevated risk for certain complications\[[@B1]\]. The major risks related to these types of LT are cellular and antibody-mediated rejection (AMR), followed by hepatic artery and biliary complications, such as thrombosis, liver necrosis, and sepsis\[[@B6],[@B7]\]. Another possible complication is hemolytic anemia due to PLS\[[@B3]\]. Furthermore, graft survival after ABO-nonidentical LT was significantly reduced compared to ABO-identical before the introduction of the novel therapeutic strategies.

However, ABO-nonidentical and ABO-incompatible LT have been reported in many countries in Europe, Asia, and North America, with increased prevalence in Eastern countries that face donation problems\[[@B7]\]. Nevertheless, these types of transplantation remain a controversial approach compared to ABO-identical LT\[[@B1]\].

To achieve better results, an effective desensitization protocol for successful ABO-nonidentical/incompatible LT has been developed recently. These treatment options that rely on B cell desensitization are very demanding. They may include total plasma exchange, plasmapheresis, splenectomy, anti-CD20 monoclonal antibodies (*i.e*., rituximab), mycophenolate mofetil, intravenous immunoglobulin (IVIG), local graft infusion therapy, *etc*.\[[@B1]\]. Since the introduction of rituximab in 2003, the treatment has a significant decrease in the incidence of AMR by blocking B cells involved in acute rejection\[[@B8]\]. ABO-nonidentical/ incompatible LT is no longer a contraindication for LT due to the significantly improved life expectancy of the recipients.

Here, we present a case report of ABO-nonidentical LT, O+ donor and A1B+ recipient, as the patient developed anti-A/B antibodies after transplantation.

CASE PRESENTATION
=================

Chief complaints
----------------

A 56-year-old male presented to the Surgery Department for LT from a deceased donor. The patient had alcoholic liver cirrhosis with MELD score 33 (52.6% estimated 3-mo mortality), which placed him first on the LT waiting list. Due to the severely impaired general condition, the rapid deterioration, and the poor prognosis of the patient, it was decided to perform LT from a donor with ABO type O+, and the recipient was A1B+.

History of present illness
--------------------------

The patient was diagnosed in 2015 with alcoholic liver cirrhosis because of bleeding from esophageal varices with hematemesis and melaena. Endoscopic band ligation of the varices was performed twice. Subsequently, he developed severe and frequent episodes of hepatic encephalopathy, hepatorenal syndrome, and refractory ascites. In 2018 a large pleural effusion on the right side was established, and an unsuccessful attempt for pleurodesis was made in 2019.

History of past illness
-----------------------

In 2001 and 2003, he underwent endoprosthesis of both hip joints. In 2009 percutaneous nephrolithotomy was performed due to calculi in the left kidney.

Physical examination
--------------------

Upon admission, the patient was in a severely impaired general condition with bradypsychia. He was with jaundice, palmar erythema, and spider angiomas. The patient's temperature was normal, heart rate was 64 beats per minute, respiratory rate was 18 breaths per minute, blood pressure was 100/70 mmHg, and oxygen saturation at room air was 90%. On auscultation, he had weakened to lacking vesicular breath sounds in the right lung. He had physical evidence of ascites as well as edema of the lower legs.

Laboratory examinations
-----------------------

Upon admission, the complete blood count revealed macrocytic anemia with hemoglobin of 109 g/L, thrombocytopenia, and normal white blood cell count. His coagulation was severely impaired with international normalized ratio of 4.1 and prothrombin time of 18 s. The patient presented with mildly elevated hepatocellular and cholestatic enzymes with total bilirubin of 118 µmol/L and direct bilirubin of 56 µmol/L. He had worsening kidney function with creatinine of 109 µmol/L and urea of 9.9 mmol/L. The A1B+ blood type of the patient was determined with commercially available antisera reagents with standard immunohematologic techniques. Before transplantation, no alloantibodies or anti-erythrocyte antibodies were found.

Imaging examinations
--------------------

Imaging evaluation with whole-body computed tomography scan with intravenous contrast medium administration before the LT revealed a pleural effusion on the left side, liver cirrhosis with portal hypertension, massive ascites, splenomegaly, and cholelithiasis. A gastroscopy was performed, and esophageal varices and portal hypertensive gastropathy were observed.

Further diagnostic work-up
--------------------------

Further tests were performed according to our pre-LT diagnostic protocol. A full panel of serum tumor markers was performed and alpha-fetoprotein (2 ng/mL), carcinoembryonic antigen (5 ng/mL), cancer antigen 19-9 (25 U/mL), prostate-specific antigen (2.33 ng/mL) were without deviations. Serological tests for hepatitis A, B, and C were negative \[HAV IgM (-), HAV IgG (-), HBsAg (-), Anti-HBc total (-)\]. Human immunodeficiency virus 1 and 2, herpes simplex virus 1 and 2, Herpes Zoster virus, Epstein-Barr virus, cytomegalovirus, toxoplasma, aspergillus, and syphilis were also ruled out. A pleural puncture was performed as the results showed that the effusion is a transudate without bacterial growth, and the adenosine deaminase was in the reference range. QuantiFERON-TB Gold test was negative. The echocardiography showed that there are no myocardial hypertrophy and no significant lesions of the valves. The spirometry showed mild restriction. The levels of immunoglobulins IgG and IgM were normal (IgG: 25 g/L, IgM: 2.3 g/L), and there was a slight elevation of IgA (5.2 g/L). The anti-nuclear antibodies, the anti-mitochondrial antibodies, and anti-smooth muscle antibodies were within reference values.

MULTIDISCIPLINARY EXPERT CONSULTATION
=====================================

On an interdisciplinary LT expert board, it was decided to perform LT from a deceased ABO-nonidentical donor because of the patient's end-stage liver disease and the poor chances for ABO-identical transplantation.

FINAL DIAGNOSIS
===============

It was established that the patient was with alcoholic liver cirrhosis, Child C (12), MELD 33 without contraindications to undergo LT.

TREATMENT
=========

After the extended multidisciplinary LT expert board decision, the orthotopic LT procedure was done according to our standardized surgical protocol. The donor was ABO blood type O+, and the recipient was A1B+. A thoracentesis was performed with the evacuation of 5000 mL of transparent pleural effusion, and a thoracic drain was placed.

Our treatment strategy to overcome the blood type barrier included a systemic triple immunosuppressive regimen: methylprednisolone, mycophenolate mofetil, and tacrolimus. The immunological desensitization consisted of rituximab (chimeric anti-CD20 monoclonal antibody) and IVIG.

Intraoperatively the patient received methylprednisolone (10 mg/kg) after reperfusion and tapered from 160 mg to 40 mg over 10 d then switched to 20 mg of oral prednisolone. Tacrolimus was initiated on a postoperative day 1 with a standard dosing regimen twice a day with a target of 10-12 ng/mL\[[@B7]\]. The antimetabolite mycophenolate mofetil was started in the 1^st^ post-LT wk with a dose 1 mg bid.

We added rituximab to the therapy according to the data in the literature for the great progress on outcomes of ABO-nonidentical/incompatible donor LT\[[@B9]\]. In our case, a regular dose of rituximab (500 mg) was administered once a week in the postoperative period.

On the 10^th^ postoperative day, there was laboratory evidence of anemia and acute hemolysis \[hemoglobin of 48 g/L, extreme elevation of total bilirubin \> 422 µmol/L, lactate dehydrogenase of 360 U/L (normal range \< 240 U/L)\]. High titers of IgG anti-A and anti-B antibodies were established in the patient's plasma (titer IgG anti-A 1:16, titer IgG anti-B 1:8) (Table [1](#T1){ref-type="table"}). We performed a liver biopsy, which revealed histological evidence of AMR. The rejection was excluded according to the Banff classification\[[@B10]\]. Therefore, we decided to initiate treatment with high‐dose IVIG (0.5 mg/kg per day). The therapy was continued until the titer decreased to IgG anti-A 1:8 and IgG anti-B 0 (on 18^th^ postoperative day) as well as normalization of the hematological parameters\[[@B11]\]. The patient received daily leukoreduced red blood cells units (donor blood type O), platelet concentrate, and fresh frozen plasma blood type AB.

###### 

Dynamics of anti-erythrocyte antibodies in the postoperative period

  **Postoperative day**              **8^th^**          **10^th^**                         **12^th^**                         **18^th^**
  ---------------------------------- ------------------ ---------------------------------- ---------------------------------- -----------------------------------------------
  Allo-anti-erythrocyte antibodies   Negative           Negative                           Negative                           Negative
  Direct Coombs (fixed antibodies)   Positive           Positive                           Positive                           Weak positive
  Polyspecific                       4+                 3, 5+                              2, 5+                              1+
  Anti-IgG                           3, 5+              3+                                 1, 5+                              1+
  Anti-IgM                           /-/                /-/                                /-/                                /-/
  Anti-Complement                    1.5+               1.5+                               1+                                 
  Auto-anti-A IgG                    1:4                1:16                               1:8                                1:8
  Auto-anti-A IgM                    Negative           1:8                                1:2                                1:1
  Auto-anti-B IgG                    1:2                1:2                                1:1                                0
  Auto-anti-B IgM                    Negative           1:2                                1:1                                1:1
  Conclusion                         Observation GVHD   Increase in auto-antibody titers   Decrease in auto-antibody titers   Significant reduction in auto-antibody titers

GVHD: Chronic graft-*vs*-host disease.

Bacterial, viral, fungal, or parasitic infections are prevalent post-transplant complications\[[@B3]\]. Thus, our patient received antibiotic treatment with amoxicillin/clavulanate, cefotaxime, and metronidazole. Antifungal prophylaxis included nystatin. Valganciclovir was administered against cytomegalovirus-infection.

The evaluation of cellular immunity is not a routine practice in liver transplanted patients, but we checked up the current status of lymphocyte populations after LT. We measured the percentage of T cells, helper CD4+ T cells, regulatory and activated T cells, and the degree of immune activation by the expression of HLA-DR. We found a preserved population of CD3+ T cells (79.1%, within the reference range of 49%-84%) with a slight increase of CD4+ helper cells (71.5%, reference ranges of 28%-63%). The degree of T cell activation was low as determined by HLD-DR expression on CD3+ cells and helper T cells (6% and 3.3%, respectively), probably as a consequence of the immunosuppressive therapy. At the same time, the percentage of regulatory T cells was within the reference range (4.77%, our established reference ranges of 4%-8%)\[[@B12]\] being less affected by the therapy. Our previous study showed that regulatory T cells have a particular dynamic during the early post-LT period\[[@B13]\].

OUTCOME AND FOLLOW-UP
=====================

Оn the 39^th^ postoperative day there was laboratory evidence of infection. C-reactive protein and procalcitonin were high with positive blood cultures and cultures of fluid collected through the abdominal drainage catheters for *Enterococcus faecalis*, *Klebsiella pneumoniae*, and *Pseudomonas aeruginosa* with \> 10^5^ CFU/mL. The blood tests showed severe pancytopenia with hemoglobin: 45 g/L, red blood cells: 2.1 T/L, white blood cells: 0.8 G/L, and platelet: 13 G/L. We accepted the thesis that the bone marrow failure is a result of the septic condition of the patient, valganciclovir, and the triple immunosuppressive regimen. For this reason, we did not perform a trephine biopsy to verify the bone marrow aplasia.

Оn the 40^th^ postoperative day there was ultrasound evidence of fluid with heterogenic echogenicity around the graft and in the abdominal cavity as well as abnormal folding of the common bile duct. Magnetic resonance cholangiopancreatography was performed, which showed that the fluid collection is with high signal intensity on T2W TSE and is with a biliary origin (Figure [1](#F1){ref-type="fig"} and Figure [2](#F2){ref-type="fig"}). The patient underwent emergency surgical revision. Intraoperatively a large abscess adjacent to the graft was established, which was drained. T-tube drain was placed in the common bile duct. Forty-eight hours after the surgery, the patient developed septic shock with anuria. The conservative treatment was unsuccessful, which lead to the patient's fatal outcome on the 42^nd^ postoperative day.

![Magnetic resonance cholangiopancreatography showing intrahepatic bile ducts with biliary leakage from the biliary anastomosis.](WJT-10-138-g001){#F1}

![Magnetic resonance imaging (T2W_TSE sequence) showing the perihepatic abscess.](WJT-10-138-g002){#F2}

DISCUSSION
==========

In cases of acutely ill patients, when a ABO-identical graft is not available, the only viable option is to perform LT using ABO‐nonidentical or incompatible grafts. When the donor and the recipient are ABO-nonidentical/incompatible, there is a high risk for hemolytic anemia due to PLS as well as AMR\[[@B6]\]. AMR leads to higher incidence of hepatic artery and biliary complications and decreased graft survival\[[@B14],[@B15]\].

It is well-known that even though the liver is relatively resistant to rejection compared to other solid organs, hyperacute rejection may be observed after LT, especially after ABO-nonidentical/incompatible LT\[[@B16]\]. The issue with antibodies against blood group antigens is a severe risk factor because these antigens are found on the surface of blood cells and also on the vessel endothelium and the cells covering the large bile duct\[[@B17]\]. Moreover, epithelium of biliary tract and endothelium continue to express blood group antigens of the donor up to 5 mo after transplantation leading to increased risk of certain immunological complications related to the bile duct injury and susceptibility to hepatic artery thrombosis\[[@B15]\].

We have to emphasize that the safety of ABO-nonidentical/incompatible LT is different depending on the patient's age. For pediatric populations, especially for children under 2 years of age, it is considered safer mainly because of the relatively immature immune system and the more significant potential of accommodating the liver graft\[[@B18]\]. However, although it is a debatable topic among the transplant community, ABO-mismatched LT is also performed in adults due to the shortage of organ donation. This explains the lower rate of adult ABO-incompatible LT compared to pediatric (0.8% *vs* 4% of all LT)\[[@B6]\].

In line with this, the survival of liver allografts followed by ABO-noni-dentical/incompatible transplantation depends on three factors according to Warner et al\[[@B19]\]. The first condition for the successful ABO-mismatched LT is the low expression of antigens on the graft cells. The second is low titer of anti-donor ABO antibodies in the recipient before transplantation. For our patient before LT, the isotiters were undetectable. The better survival rate was proved in ABO-incompatible pediatric patients (younger than 1 year) compared to recipients older than 16 years (76% *vs* 22%, respectively)\[[@B5]\]. However, as expected, we found anti-erythrocyte IgG antibodies in patient plasma and antibodies against anti-A and anti-B and complement fixed on the recipient erythrocytes at the end of 2^nd^ wk after transplantation.

The third, and probably the most critical factor related to graft survival after ABO-nonidentical/incompatible LT, is the capacity to sustain low titers of donor ABO antibodies in the recipient after the transplantation for at least the 1^st^ couple of weeks (preferably from week 3 to week 6)\[[@B19]\]. Usually, after the early days following ABO-nonidentical/incompatible transplantation, the isotiters increase\[[@B20]\], as we observed in our patient after the transplantation. Furthermore, except for the natural rebound, there are also *de novo* alloantibodies developed. Therefore, the critical period for AMR and risk of graft loss in the 1^st^ 2 wk is due to this alloimmune reaction\[[@B21]\]. After this period, it is assumed that the graft is better adapted to the new environment, the abovementioned process of accommodation. In addition, we must mention that the target titer for anti-erythrocyte IgG and IgM antibodies after ABO-nonidentical/incompatible LT varies from center to center\[[@B3]\]. However, in our patient, after implementing a reliable treatment protocol, we observed a decrease in isotiters at the end of week 3 after the transplantation.

In such cases, when stimulated donor B lymphocytes produce antibodies against antigens on the recipient's red blood cells after the transplantation, utilizing B lymphocyte targeted therapy (rituximab) is proven to be beneficial\[[@B11]\]. Furthermore, the risk of hepatic necrosis and biliary complications (due to AMR) is dramatically reduced\[[@B10]\]. Due to the rituximab-based protocol, ABO-mismatched LT became a feasible option for patients with end-stage liver disease. However, we have to keep in mind that even current treatment protocols cannot completely prevent the development of early complications, such as AMR and PLS\[[@B22]\].

In 90% of all post-transplantation cases, the rebound of anti-A/B antibodies, even in low titers, leads to rejection. Although the use of plasma treatment procedures, conventional immunosuppression regimes, and anti-CD20 monoclonal antibodies, the depletion of B cells that are responsible for the production of these isoantibodies is only transient, often leading to fatal outcomes due to AMR. However, other scenarios like severe cell-mediated rejection, vascular thrombosis, acute liver necrosis, bile duct complications, and sepsis are also possible\[[@B5]\]. In our case, the cause for the fatal outcome was the development of sepsis and not the AMR. We did not obtain data for AMR contribution to patient death.

The use of anti-CD20 antibodies or splenectomy along with immunosuppression to prevent post-transplantation antibody rebound is still debated. We have to consider the possibility of over-immunosuppression and severe systemic infections\[[@B5],[@B8]\]. The mechanism of action of anti-CD20 monoclonal antibodies is to eliminate CD20-positive B cells for up to half a year. However, this therapy regimen does not contribute directly to reducing antibody-producing plasma cells. Thus, even on such treatment, low titers of isoantibodies are possible. The major advantage of anti-CD20 therapy is the delayed production of *de novo* antibodies due to the depletion of B cells\[[@B23]-[@B25]\].

Recent reports did not show any benefit of splenectomy in ABO-incompatible LT. No significant differences in anti-A/B IgM and IgG antibody titers were determined between the groups of patients with and without splenectomy\[[@B26]\]. Our team of surgeons did not consider splenectomy for our patient due to the risk of developing other possible complications, such as over-immunosuppression, perioperative risk of pancreatic fistula, morbidity, and sepsis.

On the other hand, we decided to add IVIG preparations to the patient's treatment taking the advantages of their potent immunoregulatory qualities\[[@B27]\]. One of the most essential and desirable immunomodulating properties of IVIG is the mechanism of idiotypic-anti-idiotypic antibody interaction. However, we have to keep in mind that IVIG can passively infuse anti-A/B antibodies.

As the meta-analysis of Wu et al\[[@B28]\] in 2011 confirmed, the ABO-noni-dentical/incompatible LT has not been a contraindication in cases of life-saving conditions and shortage of organs. Furthermore, the graft and patient survival rates were similar to ABO-identical LT when using treatment protocol with plasmapheresis, IVIG, immunosuppressive therapy (tacrolimus, mycophenolate mofetil, steroids, rituximab), *etc*. The proper therapeutic regimen can limit the direct immunological mechanisms related to expressed A and B blood group antigens on the bile duct epithelium.

Our patient developed hemolytical anemia due to the PLS with elevated anti-A/B antibodies. However, with the proper therapeutic regimen, the ABO-mismatch could be overcome. However, 42 d after the surgical procedure of LT, the patient passed away due to biliary leakage, formation of abdominal abscess, and development of septic shock.

CONCLUSION
==========

In our case, we presented a patient who underwent ABO-nonidentical LT from a deceased donor as an option for curative treatment of end-stage liver disease. We implemented the latest technological advancements and therapeutic approaches in the management of the patient to improve the clinical outcomes following transplantation and the antibody rebound. However, despite the satisfactory initial results in enhancing the patient's condition and the decrease in antibody titers, the outcome was not favorable due to severe infectious complications and sepsis.
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